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ABSTRACT

Solar proponents claim that a solar- and '
conservation-oriented economy will create vastly larger numbers of
Y5bs than the conventional and nuclear alternatives. Comparing energy
alternatives in terms of job creation potential is tenuous at best
due to the paucity of analysis in this area. Ideally, both the
quantitative and qualitative aspects of job creation should be
compired among alternatives. Due to the relative newness of the solar
and conservation industries, however, only general coaparisons of the
direct emoloyment impacts among energy alternatives can be made. A
tentative conclusion from recent studies is that the general
direction of changes in teras of direct job creation will be toward
greater employment opportunities. A review of the literature shows
that for the same amount of energy, solar creates 55-80 tiges as many
direct jobs as natural gas. Por the same amount of energy.,
conservation measures create 26 times as many direct jobs as natural
gas at about one-ninth to one-fifth the cost. For the same amount of
energy, solar heating systems create 2-8 times more direct jobs than
conventional powerplants. Conservation measures create direct jobs at
less than one-third of the ccst/job of nuclear power and will be
economical in all parts of the country. (YLB)
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Bart 1. A Conceptual Framework For Analvsisl

Comparing snergy alternatives in ter=s of Sob creation potential is.
4n extremely tenuous process due to the paucity of conceptual and statis-
tical analysis {n this area. Ideally, one would 1ike to compare both rhe
quantitative and qualitative aspects of job creation anong alternatives.
For.inscance,several recent studies compute the number of jobs per energy
Qutput or the total cost per job as a basis Zor comparison. These quan-
titative ratios are useful if they are developed 1in a donceptually sound and
consistant manner for each snergy alternative. In addition to quantitative
indicacors, the qualitative characteristics of Job creation should also
be considered. A comprehensive employment lwpact analysis would compare
job skill levels, the timing, stabilicy and ‘geographjc discridution of
jobs, displacement effects iud the workplace environiient.

The development of weaningful cost/job or jobs/anerzy outpur catios
rtaquire a clear understanding. of what {s meant by "cost", "anergy output"
and "jobs." Ideaily, the cost figurés should reflect total private and
social costs associated with each alternativg energy project, discounted
OveZ an equal time period.?2

Private costs for residential sgolar or conservation programs would
include: plant and equipment costs (where additional production capacice
is needed), installation, aaterials, Q8Y, labof and return on capizal
(1.e., profit, reacs and interest ). Solar systems should also include

the cost of storage and/or conventional backup power. For an electric

,pcﬁotplanc,’private Ccosts would {nclude fuel costs, plant construction,

aaterials, general 04N, labor, utility company overhead, zeserves, trans-
mission and distributicn costs ard return on capital, In addition,the
real resource cost of construction delays, due to Jengthy siting reviavs,
public hearings and intervention, should be considered,

Social costs iaclude all foras of public subsidization such as tax
incentives (e.g., accelarated depreciation, deductions for intangible
drilling costs, income and investzent tax credits) and DD funding. They
also include any social costs not reflected in private costs~-such as the
higher, real ressurce cost of energy (which is not entirely reflected i
private costs due to Federal Pricing policies and utilicy practices), or
the costs associated with environmental degradation and occupational
hazards.3 On balance, conventional energy alrernatives incur higher social
<osts relative to solar energy and conservation, particularly wizh the
current level of Goverument expenditures o the nuclear, electricisy, ofl,
coal and natural gas industries.’

The energy gatput figure should reflect the amount of anergy saved or
additionally supplied by the project. It is important, hovever, that 2i:
efficiency losses occurred during energy conversion and transmissicn Se
accounted for. In other words, the energy output £igure should represent
the average 3tu tquivalent of energy available at its ené use.

)
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Fucthermore, the comparisons should be made between "perfect energy
substitutes”. It is clear that photovoltaics, which produces electri-
city, can readily subszitute for .conventional electric pover. Hcwever,
for industrial or agricultural users, who require a higher level of
Process heat chan -solar water ot space heating systems provide, it is
unclezr that this assumption holds. Similarly, for residentisl users of
heating oil or gas, photovoltaics aight not be. the appropriace substitute.
In addizion, powerplauts generate energy capable of performing aany more

‘functions than space and water heating, and would be .capable of aeetine,

except for rare power outages; the entire heating Cequirements of the
home. All of the econcmically feasiblu solar vanits, om the other hand,
still :require some conventional backup heating system. 1In ghort, it is
tssential o consider the particular users and usages of a conventional
energy system when evaluating potential energy saviags or supplies frem
alternacive sources.
i .-

The aumber of jobs Tequired by an energy system is usally expressed
in person-vears (or job) or person-hours of worki:5 The total number of
jobs created can be broken down into three basis categories:

1. Dirsct emplovment, or the labor iaput required for resource
Tecovery, direct manufacturing, construction and general 0&M .
associated with the energy system. For a solar heating system,
direct employment includes: jobs required for collector/component
manufacturing, installation, O&¥ and backup power. For a
Powerplant, it includes: plant sonstruction, resource Tecovery
and transportation, turbine/generator asnufacturing, electric
transnission and distribution.

2. Indirect emplovment, or the jobs produced ia supporting
industries required ¢o provide naterials and services for
the energy systezs, and

3. Induced emplovment, or labor required to zeet the increased
dexzand for goods and services generated by the iacreased
capital aud labor iacome associated wizh 1 and 2.

Ccnceptually, the third categorvy of jobs is the least well understood.
3asicaliy, tha theory of "induced employment” can be expiained as foliows:
Some portion of the labor and capital income generated by an energy pro-
jecc will either be reinvested in productive equipzment or saved. The
other portion will be spent by labor, stockholders, rentiers, and the
Jovernment (i.e., as the recipient of increased tax dollars) on additianal
300ds and services. This demand for goods and services will, in turn,
fenerate esployment. Eventually, savings and investa;ent will also generate
exployment, although the timing of job creation is more difficult to
latering.

decause alternative energy sources reduce the demand for coaventional
neT3y praduction, additional Zactors must be considered to arrive at a
neZ explorment Izpact figure. Such factors iaclude cthe respending afiec:s
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of the capital and fucl'savings achisved, as well as jobs displaced
vhere alternative technologies actually replace conventional systaxs,
Moreover; any aergy alcernativelthat CoSts mOre per enersy outdut and is
uade availadle to the public could decrease exployment by diverting
spending from other sectors .of the economy, o .the exten: :that these sec-
tors are more labor-intensivs.

Another issue to consider is the {zpact of alternative technologies
on income distribucion, savings and iavestament patterns, and econcmic
grovch. Technologies that result in a significantly differcat distribution
of income between wage-earners and capitalists will have different elfects
in the natioval level of investaent, economic growth and ultinately employ-
meat. While this effect 3ay not be relevant in isolated instances of tech-
aological change, it is izmportant when considering a sudstitution of solar
and conservation for -conventional dnergy alteranatives cn a natisnal scsla.

In addition to the quantitative impact, the qualitative iapact of
energy alternatives on labor zust. de considered. A comprehensive e2plovment
izpact analysis would include such qualitacive factors as: the skill and
income levels of the jobs created, the time and geographic discribycicn of
the jobs, the stability of che demand for labor, and the izpuct on the work~
place eavironment ard Occupational safety. The skill levels tequired far
alternative- energy systens are varticularly important when considering che
displacement of labor emplcyed in convenzional aiternatives. If golar
technologies craate predodidately low-skilled jobs, for example, they cffer
linited job opportunities for skilled workers of a sonventional power planc:
(aithough they could be. appropriately targeted to underemplcved areas).

Conceptualization {s only one dizension of employment analvsis, albeis
4n extremely imporzant one. The other dimension {s data analysis, which
PresuUpposes the existence of an accurzte data base. However, unlike con-
ventional energy sroduction $ysteas whose labor requirements and :osts aze
known with some degree of certaiaty (even auclear power has a historv of loste),
solar and conservation technologies are relativaly new and commerciaily
untested. These are nascent industries whose technolcgles and producticn
efficlencies wil] change significantly with widespread application. This
aakes projections of costs and lgbor requiremsnts extremely tenuous. Hence,
the actual cost and aagnitude of job creation ia che solar and conservaticn
industries {s subject to error. Severtheless, as discussed below, it s
Possidle to make general comparisors of the direct ezplovient lapac:ts ameng
energy alternatives. .

Part 2: The

Analytical "Scate of che Ars"

Several recent studies have begun to generate useful data on the aumber
acd types of jobs sssociated with alternative energy technologies. In
general, however, the analyses are incomplete and, in some Cases, concer-
tually inaccurate. The following examples give an indicacion of the state
of cthe art of employment iupact analysis. ;

A study by the U.S. Q0ffice of Technology Assessmenc (0TA) has comvared
Q & direct labor requirenents for a coal-fired generation plant wich thoge
[}RJ}:: two solar energy gys:ens.ﬁ Fer the conventicnal systes, the analrsis

Aruitoxt provided by Eic:
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includes: all lavor requirements £sr ccnstruction at the plant sice, to
build the 8CC-We surbine geaerator in a factory, %o operata the gene-
rating Zacility at an average of 75 percent full capacity for a period of
30 vears, to bu:iid 3 coal 3iae large enough to support the plant, o N
operate the zine, to transport the 2.5 aillion tons of coal Per vear needed
to operate tie plant, and zo construct and naintain a cransmission and
distribution network. The labor requirements for the solar ‘svstem include
those for 2anufacturing and instailing the collectors, routine operation
and 2aintenance, and conventional backup over a 20-year svstez life. This
is the onlv studv I examined that attempts to estimate jobs associated
with photovol:zaics, an area of solar enexgy that has been virtuilly over-
looked in icb izpact analvses. The study concludes from this comparison
that "1f all ccaventional power were replaced with solar units, labor
requirezents wouid He ultiplied by 2 factoz of 2 t0 5. The aultiplier
would be aven nigher {f g substantial amount of conventicnal jenerating
equipment was required to provide backup of the solar system."? a4s dis-
cussed briefly adove, the idea of "replacing®conventional power with solar
assunes jeriect substitucabilicy, Unfortunately, ‘the OTA analysis does aot
provide comparable cost estimaces for these particular snergy svscenos, .

Accordiag £o an analysis by Skip Laitaer of Critical Mass, whac is
true for & coal-fired conventional plant is even more true for nuclear.$
A comparison of the total requirements of a 1,000-MWe coal or nuclear
powerplant calculated over the facilities' lifetime iadicates that nuclear
pover requires 10 percent lass direct labor 2an-hours than the coal equi-
valent. The study -examines -he coustruction and operation of 1,000-MWe
single-unit powerplants run at a 75 percent capacity factor. The zanpower
used to construct the 2ining and processing facilities in the fuel cycle,
the annual operating tequirezents of the fuel crcle, and the annual 0&M of
the poverplant are also examined. Laicner's analysis shows that, although
the construcczion labor Tequirements are higzher for nuclear powerplants,
the anpower vequired for all other phases of the power systes is higher
for coal than for nuclear. It therefore follows chat solar systems will
require zore direct labor than nuclear plants for an equivalent amount of
energy. This conclusion {s also supported by the studies discussed bSelow.

In what is perhaps the most comprenensive analysis of this ®ind, che
Council on Economic Priorities (CEP) is presently exploring the emplovment
impact, relative costs, and ener3yy saviags/supoly assoclated with conses-
vation, nuciear, and solar energy svstews on Long Island, New York. The
CEP's Jobs Study is investigating che potential for a combination of
conservation and solar 4lergy applications as an alterzacive to two sroposed
nuclear powerplants.?

According to CE?'s prelizninary estimates, the combined solar/conservation
opcion would generate 270 percent more direct employmeaz and produce/save
206 percent more energy than the nuclear option at a lower total cost. Tor
tae solar/conservazicn option, taotal costs per person-year would be one~ .
thizd as aigh as czhe nuclear option. It should be noted that the analysis
2mits HYackup pewer costs and ezplovment.l9 1In cerms of equivaleat enerzy -
sutul, the solar/consarvaticn optisn also provides signifizanclv more
‘:0s tham nuciear ({.a., 31 serzeat). As in the 0TA study, 3ensen’s anergy




OUtdUL comparisons assumes substitatabiliey. Thig assumptice is subi:ce
Lo cri:icism.~hcwcver. siace the residential Seclar rurrantly uses cil,

2as and non-nuclear eleccrizity, znd sincé relasie ¥ f2w new elecssri:

hemes are expeczed :a e Suilt ia the Zueure oa weng Island. 34

The zos:t interesting aspect of :hig aalrsis {s that the solar’
conservation "package" stands 9P to nuclear better than eisher of she

{adividual ccmponeats. Tor instance, a "sclar alone" cotion weuld 208
§10.96 biilion te replace cthe auclear enesgy e2quivalent of 0.38 quads,

or” about 60 perceat more Per quad. Inclusion of pcwer backup costs

-
-

would increase the éxpense of solar relative to nuclear. Furtherzere, at
electricity rates less than about $0.04/%%h, the sCITE cpelon alome will
A

20t be economical on a 1ife-cvcle bHasis to the yser.
alone" option, on the ot’er nand, would cost $2.44 biilicn to.replace

"ionservatisg

auclear ersrgy equivalent, or abouc 64 Percens ésss,pcr quad. I would

also be esonomical in all parts of the countzy.

However. :zcnserration

dlone creates less jobs
advantage of “solar alone” is that' it creates, nine tizes as zanw ‘obs

than nuclear. (Note that this comparison is ccnsistent with 07A's findings).
Heace, the optimai strategy is to {aplement a :aabinatianiof sclar iad

aner
at lover casts than nuclear. I will retura to this issue in the discusyise

conservation measures which, together, can Create cre icds and save »

of FEA's enesgy consexvatiosm public Works programs.

er_elergvy equivalen: than the Aucilear coticn.

-
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A draft study by the California Eaployment Jevelapment Teparzmen: (E2D)
Takes sinilar comparisons Setween svlar and convenzienal s/slens: hcwever,
their aechodology is questionable.ls Tue TePOTT 2cpaces the nuzter =F

direct jobs that would be denerated 5y comstructiag a propesed 300~

Cn

auclear plan: and 3 propesed 400-Mk combized-cycle plant wizh thaein sclar

energy equivalents. The solar "equivalent" ts shese plants reprasaens:

S ]
1)
n

the amount of exergy frow space and water Seasia walts inszalled :
and apartaent buildings which would equal the average anaual i swa
the two plants would produce. It should ne acted, hcwever, {2 ==

1 'l

1]

of solar units that nake Up the equivalenss 37 these piants were actua
installed, 30st of the energy displaced ia Califsraia weuld sravadly b
natural gas--not elecsricity. The regor: lustifies this comparisen on

b3 )
23

gTounds thatc: "In general, aacural 8as processing plants are zuch less

labor izzensive than electric ;lants, so che comparison with the solar

equivaleat would be evea more siriking. "% Comparising cf she -ase

- 4
sity of different Sectors, as Jeveloped 5+ :he cawrence 3erxele: Laser

$eea o support this conclusion. l5

It is impertant 25 ncte that this analvsis delines "direc:” ‘obs
teras of comstructicn or lastallation job Tequirenents only, This is

dces a0t include job requiremeats for €1ergy Iesource recoverw, 4
manufacturing (.e., collectors and other sclar ccmponents ar sur
assexbly), transmission and distributicn and rcutine 06M. These
Sias the analrsis in favor of solar.+’ :

Tuch uAore narrov defianiticn than the one used 5v CTA and other s:ucies.
‘ -

Sarl
-
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w#ith this caveat {2 aiad, E220's fiadings are presented iz Table
Selow. Their es:inaces iadizace that a 80127 equivalent wil: ceguliyr

Q3 tizes 30re 2irect erson-vears than the Sundeser: 'iuclear rianz. V¥ar
ERIC ; :
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the Potrero Combined Cvcle Plant, the findings are even more striking:
The solar equivalent will require $ to 35 more person-vears. Unfor-
tunately, the analysis does not systenatically czompare the costs of
conventicnal zower with its solar equivalent.

2\« EDD study alse atlempts to estimate the indirect and induced
e=p loyment recuirezents using an exployment multiplier, developed bv zhe
Argonne Yational Laboratory, of 2.2 total jobs for each direct jgb created °
in the aanufacturing and construction industries in Californis.<® The
computs tional Sorm of this altislier 1is: -

Efi *a+3x 1 + 32 X 21-+ 33 * 4 * oeeein +,Sn X4
Where Es: is the azount of indirect and induced (i.e., nonbasic) emplovment
ia county {. The X{ Tepresents two tvpes of variables in this equation.
The first type is the level of direct ezployment in each group of basic
seciirs in county 1 (i.e., agriculture and aiaing, 2anufacturiag and con-
struction, and Sransportation). The second type. is speciz® control
varisbles which help to characterize the unique levels of {adirect or
{nduced eamplovment in county i (e.g., average family income, student popu-
lation, e£s.). The EDD study uses a auleiplier derived from 35, which
indicates the change in iadirect and’ induced eaplovment associated with a
unit change {a asnufaczuriag and construction exployment.

These cegression aultipliers are extrezely useftl ia projecting the
exploymant impuct of z new basic industry in a specific sommunity, county
or state. However, thev cre essentiallv Reaningless when compariag the

lovment impact of two-very different technologies within zhe same basic
industry categorv. Using tie same aulsiplier for Hoth cenventional energy
and its sclar equivalent essencizlly assumes that (1) ccaventional pewer-
plants create the same number of {ndirec: jobs as their solar equivalents and
(2) each energy alternative creates the saze amount of iaduced iobs., That
is, the labor and capital iacome provided by each alternative generates the
sazme ievel of demand for the same goods and services.

The validity of these assumptions ic highly unlikely, given zhe differaenc
2aterials requirements, lavor intensities and skill and wage levels among
energy alternativas. aAnd, unless these differencss arc somehow accounted
fov, the comparison of sotal jobs betweer these enerzy svstems will be
preciieiv as enlightening as a comparison of direct jobs only.

T1is can e seen from Table 1, which presents ZOD's escinates of zotal
ezployment impaczs. Note that she ratio of total jobs created by the solas
equivalent (single-family rssidences) to those creatad by the Potrero plant
is 35 to le=the same as the direat job ccmparison, The comparison of total
jobs between the Sundeser: Plant and its solar equivalent is also siailar to
the direct job compariscnld Thus, the emplovment aultiplier used by DD fails
to enhance their employment impact gnalrsis of energy alternatives. Uncil
Tegressicn analvsis is desizned to, differentiate among energy technologies,
the use of auizipliers will not reflect the differeatial impac: on {adirect
iné induced ezpiovment. Siace the Present “scate of the are" s screly
tacking in chis area, T will confine av comparisons to the lmpsc: of enery:
diternatives cn dizec: ezployment, .l()




TASLE 1

* COMPARISON OF DPLONENT I.IP.-\C;S: ELZCTRIC POWERPLANT
CONSTRUCTION vs. SCLAR SYSTEM IusTaitaTTow
(20 Year Lifa)

Construction of Plans/In za

Projoc: of Seclar 3vscam

Sundesert Nuclear Plane (1,900 i) 12,736

Di:ec:(‘) Person-Years Resuira
..

Solar Ejuivalent(b) 25,309-196,92

?otrero Combined Cvcle Plant

(400 W) (gas and steam turbine) T428
Solar Equivalent(d). - 3,579 -13,506
(=

Total Person-Yezrs (Qire::.“> Zadirecs
and Iaduced) Requirad Ior Construcsion
and 06 of Piant/Iastaliatisy aof

Proigct Solar Svstem

Sundesert Nuclear Plant (1,900 ) 36,268

Solar Equivalent(®)
(single-family residences only)

Potrerc Combined Cycle Plaat
(400 ¥W) (gas and steam turbine) 2,237

Solar Equivaleat(d)
(single-family residences oaly) 34,285

(a) Direcsz cefers to construczion or iastallation 13t regquirementzs sniv

(3) Solar equivalen: represents she amoun- of efergy fram space and wasar
aeacing units inscalled in nomes and apar:csen: Suiilgings whisa weuls
tqual the average annual #iiowatz-hcurs sroduced in €ach slant. Higher
Sound represects ag eguivalen: in ingle-famiiv resiieariy: uniss onlw,
The lower eszizates Tepresent auliifamile 2uildings cniv,

e. This
cle i0bs
i

n and

(¢) Noce: The Yirect jobs here iaclude C4M over the 20-vear ii
zakes the ratios Setveen solar/auclear and solar/cs ined :
s1ightly differeat fr.c shcse above which fnclude construc
inszailaéion iobs only.
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A final podne soncerniag the use of staze or regional z=ulzipliers
is that zheir =zaznicude depends on the Jegree of diversificarion (L.e.,
ew zuch macarial in7uls are purchased withia cx regzion) and on che
capital "exporzed” cut of the rezicn. In face, Arzonne pre~
i2vent melzdpliers for each state and subsectisus o7 scates.
furtherzore, the "aational Auitiplier will be higher thza the aulei-
Piler asscciated with anv one regioa. I is chereicre izpersant to
dlearly deline the gecgraphis Soundaries of the analvsis.,

Anciter inalvsis of energy and jobs in California was deveicpes by
the Califsraia Pubiic Palicy Cencer (CPPC). 1In a study entitled Jobs
Under The Suz, the CPPC analyzed che iob creatiag potential associated
¥ith iIs SclarCal proposal.20 ag indicated below, the CPPC analysis is
fnaccurate and extresely aislezding. Unforctunately, their conclusions are
used indiscriminazely by solar proponengs %o premete SoiarCgl and siailar
iaiziazives 1s che 3eans to create several aillions of lobs.

The CPPC eszinates chat SolarCal weuld generate actout 1.1l miilisn
<t petson-vears (i.¢., iascallacicn, collecsor and compcnent aanvfac-
7g) over the 3i381-1390 peciod. In adcéicicn, the C29C prolec:s
uced” expiorment by using che Argenne. Laboratory zmulsiplier of 2.2
(see above). It should be emphasized, heweves, thac the =u tisliar is
used incorrectlv In CPPC's cnalvsis. 1The 2.2 factc: shouid be apolied 290
irect jodbs o vield total job requiremenzs. In the CPPC study, however,
the product is used t: represent iaduced Jobs and cthen added 25 direct
jobs ¢ vield :sral iob requicesents. In essence, this =manisulacicn
Talses the Argenne mulsiplier from 2.2 %o 3.2. The study also adds ¢ zhat
figure the ‘obs created in "disnriduticnal” Sunctions such as desizn zar-
«eting, dissriducicn and suppors activicies. These Jobs are estizated a:
25 percent of ‘tscal manufaccurs and iaszallacion, which effectiv iy {n-
creases; the auliplier o 3.45. Ia ay estiuacticn, the CP2C study zrossiy
overstates cthe indirect and induced ‘cb cequiremenss associaced wish solar
systems. TFurtherlore, as discussed above, zhere are conceptual probless
with using the Arzonne zulsiplier (even sorrectly) to cimpare enesyy
technologies. Therefore, the discussisa of shis studv s iinited 20 the
esci=ates of direct lob potencial.

"

0. »

The C2PC estizaces that the soiar progran woeuld dispiace 2,527-12,430
5¢f (about 8.6 o 12.4 guads) over she 10-vear perica. This craansiaces iato
88,710-127,907 direcs person-vears per guid, indicated above, these
estizates are lower than these develosed S» the TI2, alshough the icd
figures are not direstlv comparable.sl

The CPPC 3id not provide an estizate of the cos: f£57 sheir osraograa.
dowever, elsevhere in their repor:, they propose anothe: pragram costing
$42.7 9ililen which weuld prodice a sstal of 3,829,578 person-vears.
Jiriding by chelir aulsiplier of 3.45, I escimace cthar chis figure woulid
Sfansiate fnco 1.1 millien direct perscn-veazs (which is soeparabie te the
figuze given above) or $38,300 per direct Jerson~vears. This estizate ¢
3.1302lr higher than 3ensen's prelimizary escizate of $24,130. %hen
3ensan’s final veper: is ava:lable, a mcre deceiled ccapariscen Hetween 2=e
two studies will Se sossidie. 12
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Althiough acst conparisons to date have contrasted solar with--auclear
or coal alectric power, one 6f the aore useful compariscns (parzicularly
for Califaornia) is bezweer solar and natural gas. The CPPC has racently
compared the eaplovment potential of. constructing and operatiag a natural
§as terinal to receive Alaskan and Indonesian LNG wiszh that of bh;ldingf
anc iastalling solar systems to displace un equivalent 2o the L¥G.22 On
the basis of reports by the Califoraia PUT, the CPPC estimates that the °

LNG terminal at Point Conception will generaze 7,600 direct job-vears . éggﬁ
over its 20-vesr life (at 1,600 construction job~vears for 4 vears, SO0 . T
terninal operation job-years and 10 Pipeline zmaintenance job-vears for U'J«§%

20 vears). It would supply 9,490 bef (cumulatively) over the 20-vear pc;ioda,A}?“

CPPC's SolarCal figures are usad ty calculate the number of direc: s
solar jobs that would be generated br using accive solar to displace an
equivalent 2o cthe LNG case. As discussed atcve, solar weuld have generated S
1.1 million direct jobs to displace 8,627-12,431 bef. Hence, =3 displace ﬁig
4,745 bef over the 20-vear period, the solar energs eguivalen: would ' .

generate 419,876-605,021 direct job-vears. Since the studv does not iadisate 1}§‘§
the potential job creation associated with a 20-vear solar program, ! assume Rl
(as CPPC does), tha: ezployzent i{s proporsicnal to she snergy dispiaced, &
regardless of tine period. 3
The CPPC report also ventures a prelizizary but useful tctal cos: R
comparison among these alternativaes. Projecting a 2atal cost %o consumers e
of §42.7 billion %for the proposed LNG terr.inal over the 20-vear life of e
the project (whica would provide 374,35 bef of LNG annuallv), she C2PC i

concludes that soiat would displace 725.9 bci/vear for the same $42.7 3
billion iavestm:ent. In other words, the solar option would zemerate 84123
tizes as z:any jobs as LNG for an equivalens total cost while providiag 33

sercent more energy. Or, put another way, the solar option would cest 33

percent less and generate $5-79 times more direct i3Bs than {1t NG energy
equivalent.

Iz is inpor:ag: to note that the CPPC's projected cost of solar
collectors (810/£t°) is cne-fourth to about zwo=fifshs tha present average
cost. Hence, these cost comparisons assuze a signifizant reduction ‘2
solar collectsr costs over the pericd as a resuls of ‘echnical ianovasion
and automation. 1If solar collectsr costs remain above Si3/:ft~ (aad LNG
prices zexmain stable), then chere would “e no ¢ost advantage =z solar
compared to. its LG equivalent--alzhough the dirscs exployment advantage
would vemaia,

On che rational level, the e:ployien: impact of a censegyatisn pregraz
has been examined by the FEA (now the Deparizent of Znergv).c Acgerding
to their analysis, a $1.65 b{llion expendizure cn public works ccnsesvation
prograns could realistically produce 100,470 direct Jjobs over a 20-mench
period. These estimates relate to a progran zhat includes rt::o!it:ingz“
all Federal buildings and oue=-nalf of all schools, colleges and non=Federal,
non=profit hospitals; weatherisziag 1.35 aillicn homes occupied b7 low-
income families aad 50,000 #UD-cwned homes; iastaliing solar water leatecs
fa 19,000 of the (wectherized) HUD-cwned “cmes, and constructiag 4,000

o dles of bikeways.
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If each "job" is assumed to represent & full person-year for each
year of the program, then this program is expected to provide 167,449
person-years in direct empioyment over the 20-moath period (124,333
unskilied, 15,999 skilled and.- 27,117 manufacture jobs). This translates
iato & cost/person~year of $9,850. Even under 8 conservative assumption
sbout job duration, the costs/job are auba:nn:i,&ly lower than those
associsted with nuclear or LNG energy supplies.®’In comparison to conveun~
tional domestic energy supplies, this conservation program offers the
$ame number of jobs at sbout one-ninth to one-fifth the cost. In the
extrame case of LNG imports (where most of the esployment benefits are
realized abroad), the cost per job is over 250 times the cost to produce
& job in conservation. Although FEA's cost figures are low compared to
Bensen's, it appears that, in general, conservation programs create jobs
at a lower cost/iob than conventional energy alternatives.

Furthermore, the $1.64‘billion cxpenditure is expected to save about 6
0.1 MMBD, producing an approximate cost savings of $475 uillion per year.
In other words, the prograa would pay for itself in energy savings within 3
to 4 years. In order to-compare the energy savings with the LNG alterna-
tive, I assume that & retrofit program vill save 0.2 quads per year over
the 20-year period (i.e., the life of the retrofitted buildings is at
least 20 years), which would create 167,449 job-years and save about 4
quads over the period. This translates into a job/inergy output ratio of

41,862/quad. This is over 25 times the job/energy ratio associated with
the LNG slternative.

However, comparison between FEA's public works program and Bensen's
auclesr option yields quite differeat results. I estimated that the
nuclear option would actually creags almost three times as many direct
3 jobs as the conservation prograas. This comparison is particularly

important: It indicates that conservation seasures do not necessarily
create more jobs than nuclear (or cosl) for an equivalent amount of
| energy (in fact, the Beasen ard PEA snalyses indicate that the nuaber
: of jobs is less). However, conservation vill be more cost effective;
that is, it creates these jobs 1t lower coo:7job and cost/quad.

Two recent efforts have also included the indirect employment effects
of solar energy in their comparisons. The Dowestic Policy Reviewv (DPR)
of solar energy-compared the direct and indirsct employment effects of
tvo accelerated solar esergy scenarios (the Maximus Practical and
Technic, Linits cases) with base case employment over the 1978-2000
period, The study examines the labor requirements of thirteen
= different solar zechnologies, taking sccount of the direct and indirect

jobs displaced in the couventional energy sector due to increased
solar penetration. The results indicate that total employment over
the period for the Maximum Practical Case is about 3 million man~years
higher than for the base case. Tor the Technical LImits Case, total
employment is gbout 10 million man-years higher than in the Base Case.
Although these results indicate that accelerated solar eoergy strate~
8ies would have s positive effect os overall employsent, the magnitude
of this effect is coasiderably smaller than those isplied by previoue,
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less complete analyses. The main reason for this is that the DPR did not .
linit its comparison to flat-plate solar collector systems, but included
a4 variety of centralized, relatively capital-iatensive solar technologies.
It is important to note, however, that the DPR did ‘not consider the
relative costs of energy under each scenario, nor did it take account of
labor-saving production techniques that would probably be necessary to
meet the levels of accelerated demand for solar.

Preliminary results from an internal Department of Energy (DOE)
analysis indicates that the installation of 2.2 million solar flat-plate
collector units by 1985 will increase real GNP by less tham 0.1 percent,
aand increase net employment 1291985 by 60 thousand man~years (0.l percent
increase over the base case). This analysis includes the direct and
indirect employment effects associated with flat-plate tresidential solar
systems, but does not fully take accouat of-the jobs displaced in the
conventionsl energy sector. Furthermore, the analysis implicitly assumes
that solar is cost-competitive vith the conventional fuel it displaces,
vhich may not be true for space heating systems by 1985, At the same
time, however, it uyses the labor-output ratios associated with today's
higher cost systems. Both of these omissions could very well "net out"
the slightly positive employment and GNP effects indicated above,

In addition to the three employment effects (direct, indirect and
induced) described above, there is a fourth "substitution effect" asso~
ciated with energy alternatives. To the extent that conventional or
solar energy systems cost more, but are nevertheless made available to,
and used by consumers, they will divert spending from other sectors of
the ecooomy. In alsost all cases, this wil! decrease evployment as
energy (at higher prices) is "substituted" for other goods and services.
This assumes that "other goods and services" are more labor intensive
than the energy system. A recent comparison of labor intensities among
personal consumption activities indicates that thid assumption is
generally true for electrici-y, gasoline and ‘0il., The CPPC study
indicates that this assumption is valid for LNG as wvell. Solar
technologies, hovever, appear to be the exception to the rule.

Conversely, a portion31 of all solar savings achieved through
the application of conservation or solar technologies (reflected in
lover fuel costs, utility bills or capital costs) will.he directly
reinvested or respent inm other sectors of the economy. In almost
all cases, these dollars vill be speat or invested in sectors which have
higher average labor intensities (and lover average energy intensities).
This is because most of the dollar savings from conservation and solar
are derived from Teducing expenditures on direct energy (e.g., oil, gas,
electricity, cosl). Aod direct energy (in particular, electric powver)
has the lou.sssaveragc labor intensities of almost all BajOr consumer
expendi tures., Thus, on average, it appears that "respending
effect” will havo a positive impact oa employwent.

Bruce Haanon iacorporatclslhil respending effect in his analysis of
various conservation measures. For the 1974 ezonomy, Hanoon calculates
the chacges in direct and indirect employment to;ctlur vith the respending

_effect for & nuaber of energy~conserving “shifts" in censumer expendituraes,
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‘hese Include shif TI® plane o traln, throwawaw to vafillable teveraze
contaliners, zar o zraia, zTuck o freight train, car to bdus, car o bigcwele,
elecrrit I: as stove and watar heacter, aacng cthers. 3w dividing the net
change in emplorment demand 5y the net change in enerz:y Zemand, Hannen

s

arrives ar a zeasure of the isk potantial per unit of enerz: saved, Ualor-
tunatalv, =is analrsis dces not include the direction or naghituda of the
respending effect alone. Nevertheless, his conciusicns clearlr shew fhat
Soasertatisn has substantial eaploymen: cctential--rezazdless of the directicn
of this respending effect. The largest net emplovment galins rasuls from the
substiticion of intercity train use for plane travel (220,300 job=vaars per
quad saved), Ior car travel (700,900), for owner-cterated :ruck Sreight
(675,3CC).and tne substituticn of throwaway to tefillable teverage ccntainers
(752,3CC.. Hannen zencludes that full employment (defined as about 4 miliion
uneapicved) weuld be reached by reducing energy use $ to 10 parcent through
tne implementazicn 2f these energr=-saviag changes.

Yor cost-effective energy conservation alternatives, recent studies
indizate that the total emplovment effects can be significantly positive.
A study sponsored bv DOE assesses the national employment effects of 1)
imposing the ailes per gallon (mpg) standards prescribed in the Energy
Conserwvation and Production Act and 2) zeeting a 90 percent housing retrofit
goal where the retrofit i§ in coupliance with minimum Federal standards under
the National Znerg» Plan. 5 The study takes the direct and indirect labor
requirements into account and "nets out" the jobs lost in other sectors o
the econoay (as, for exaample. when less steel is used in autsmobile prodiction).
it also estinates the emploment generated as net energzy savings are respent
in the economy. -

The results of this study indicate that, ia neeting the apg standards,
net employment in 1985 will increase slightly, but significantly (i.e., by
i0 to 20 thousand man-years). For the retrofit program, net employment in
1385 will increase by 70 thousand man-vears (if homeowners finance the
investxent) to 520,000 man-yvears (if the government finances the retrofits
through debt). Another recent study spggsored by DOE yields similar results
for industrial cogeneration activities. In this analysis, the effects of
cogeneration induced from an additional Federal investment tax credit are
expected to be quite small but distinctly positive. Real GNP in 1985 increases
bv $635 amillion (in 1972 dollars) and total net employnent increases by
5,000 man-years over the base case. Unfortunately, the methodology used in
both of these studies cannot' estimate the longer~-run effect of increased
private or public debt on the economy. ‘evertheless, these results illustrate
that direct emplovment alone paints an incomplete picture of the total job
creation pucential of conservation measures, particularly those that are
cost-effective,,

A report by Len Rodberg for the Joint Economic Committee indicates just
how powerful this "respending effect” can be for national employment.37 Rodberz
compares the employment effects of a conservation/solar scenario (CARE) to
the base case for the year 1990. According to Rodberg's cost estimates, the
CARE scenario will displace 45 quads of conventional energy in 1990, and
save consumers over $30 billion in that yea:. Rodberg estizates that the
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Fespending of these cost=savings will sccount for about twosthirds of tne
total Y mill{on jobs craated, 1t should be noted that Rodberg's analvsis
only 1sous at the cost $avings for 4 single year ({,e., 1990), and hehee
1anorey the hizher costs (and thelr effeet on etplovment) of dolar/conser-
vation during the early yedrs of the program. ‘lonetheless the studv serves
to fllustrate how famporeant the respending effest (or, conversely, the gulb-
stitution effect) cun be in a eomparison of employmen: impacts,

In exemining the quuntitative iapact of energy elternatives, {t i»

iaportant to recognise the potential tradesoff between the nuaber and Skill
Vel of jobs created. It {s clear that for e given level of

investaent, asore lover-skilled (and hence lover wage) jobw eun be creatad
than higheshilled jobs, As indiceted below, most of the soler end conserve-
tion projects exsmined in this sectioh represent systems with lower-skill
requirements than conventionel alternetives. It seens reasonable to expect,
hovever, thet the job creation potential of solar systems with higher akil}
and wage levels (sueh s comaunity sise end induitrial systems) {s lower
:ha? the smell-scele elternetives, This is an fuportant erea for furt'er
enalyeis,

The skill levels requited for alternet've anergy systens is patticularly
importent vhen considering the displacement of lebor employed {n eonvent fonal
energy production., According to the OTA end Bkip Laitner's enalysis, about
23=30 pereent of the work vequired to build and maintein e conventional
electric systea {s esseciated with conventionel fuel supply. Por natural
$2s production end delivery, the percsntage {s even |rcnter." Soler and
conservetion will effect these jobs by displecing fuel, consumption, :urther=
2ore, to the extent that thes: aiternatives eut demand for pesk generating
capesity, they will also affect Joba {n construction end 04 of generating
equipment (ebout 40 peresnt of total werk forée), Thsre is one Job ared,
however, that solar end sonservation ere unlikely to effect: nemely, trans-
siseion end distribution. Conventional energy dechupe«and hence distribution
end trensmiesion taailities==will be an economic nacsesity for soler space
and water heating for the short and medium term, Hence, eny solar (or \
conservation) eltarnative {s unlikely to effect employmsnt in this eree,
axcept (n the extrema qng”uhon all or e very large fraction of local enbrgy
nesde ere met with solar,

These considerat fons highiight the importance of exanining skill level
"nixes" asseciated with soler or conservation {n direct comparison with the
jobs they say displace, Unfortunetely, eurrent amployment impact anaivees
are sovely lecking {n qualitative comparisons. Nonetheless, sote genarsl
observations cen be nade, besed on preliminary anelysis in this aree.

+ Most of the empleyment directly created
by ¢ shift to soler water a 8pade heating wili be in the installation of
the' equipment by econventional building tredas, and in the erestion of new
sanufaeturing industries, Aeserding to the OTA analyeis, many ef the skills
required feor instalistion of the equipaent will be very similar to those
required for cenveatienal censtrustion Tejeets, altheugh seme Srief training
pregrams will undeudbtadly be needed. The verk will be nearly identieal to
the {nstelietion of .opgapctollcd aireionditioning and hesting systems in
aenventional buildings. ™ The CPIC Jobs nurvoz and & study dene for the
Sheet Metal Werkers Internatienal Aouogtncton y the Suanferd Ressarch
Instisute come te similary sonsiue fene,
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dewever, it aiso appears that smail-scale solar installations require
a diffaerent "mix" of skill levels than conventicnal power. Acecording te
Q7A, solar installaticns on individual buildings typicalils requira one
suporvisor for each 10 workmen while the ratio for the conventional coal
2¢uipment is :zloser 2o 1 to 3. dence, while small solar svstens x:ay
annance jeo opporsunities for blue collar workers and for construction
workers overali. aigher level skill and wage categorizs mav be displacad
in the transiiisn to solar energy.

The larger iadustrial and community solar systems, on tha other hand.
uire auch zore professional work. They eaploy supervisors, tanagers,
tszen, designers and engineers in ruughly the same proporzion as chese
«1lls are ;fqui:ed in the constructicn of conventicnal power-generating
aciiivies.” According to OT., cthese skill categcries Tepresent over 30
ercent of total construction workers in a conventicnal plant. Since
nany large solar facilitcies are iikelv to be supplemental o cenventicnal
Scilers and generaters, it follows that the solar equipnent would simply
ad¢ werk in these areas at each installacion. Thus, solar heating svstens
in these larger installations could also provide work for manual construec-
tion workers ia the buildiag trades (about 48 percent of cozal constTucticn
job requirements).

3]
mn
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Employment oppoxtunities in the aanufacturing of scolar collectors and
components are more difficult to define. This is 2§°'“" the pattern of
growth in the industry is presencly unpredictable. None of the studies
I examined provided a detailed comparison of sanufacturing sXill categories.
From the OTA analysis, it appears that solar heating systems provide about
3 to 4 times as many direct manufacturing jobs as conventional electric
power for an equivalent amount of energy production. Without a more
detailed comparison, however, this conclusion is tentative at besc.

Targeting solar jobs to the unemployed has become a major objective of
many job training programs throughout the country. However, a reporz by the
Solar Energy Research Institute (SERI) indicates that only 18 percent of che
jobs required for sgéar wvater and spcae heating systems are for semiskilled
or unskilled labor. hese figures may come as a surprise to nany advocctes
of training the unemplc-ed to install soiar collectors. The point is chat
we do not really know whether these trainees can be readily placed in solar-
relaced jobs. '

. Photovoltaics (2/V). Analysis of cthe qualitacive--as well as the
q' 1ncitative~-eamployment fmpacts in this area is highly speculative,

sine the Tanufacturing process will be changing dramatically as 2 result

9f .echnical innovations and automation. Actording zo OTA's analvsis,

aciue J0=%0 percent of the manpower requirements for current, tracking

silicon photovnitaic systems is associated with ccllector and cell zanu-

facture. Since 2/V aanufacturing currently iavolves a labor-incensive,

handcrafced process, this proportion is expected to decrease with

increased automation. Installation job requirements (currently 30-60 percent

of total requireaments) will probably involve the sams types of skills

required ia conventional comscruction trades. Cafortunately, 1n£orna:ton( e

@ 70 the relative proportien of skilled versus unskilled labor is currenciy!'"’ ]JJ

E[{l(pnavatlcblc. It is reascnable to expect, howevar, that the large, cen-
o P4l42ed P/V syscems will requize sore professicnal work than small, . /
. scantralized denldesrtang o e FRRSEAR §§ay

e e e
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Conservatiocn Measures for 3uildings. AS in the case of solar heating
systens, bduildiag weactherization prolects will create new !abs primaril:
{n the installasicn of materials (L.e., insulaticn, storz vindows, weather-
stTipping, etc.) and in the Janufacturing of these conservasian measures
is signilicantly different than those asscciazed wish sanventiznal dnargy
production. The FEA study indicates that unskilled jobs account for 77-3C
percent of the total jobs associated with building retrofizs and weather:i-
Zation. Skilled jobs account for only about 8-10 perceat in =ost cases--
compared to over 40 percent ia total job requirements for conventional
energy production. On average, about 16 percent of all jobs are {a manu-
facturing, compared to avout 3 to 4 percent for conventional eleciric
power. According to a survey by Lawrence 3erkeley Laboratorw, over 60
percent of 2anufacturiang workers ars low-skilled (defined 1as machinis:s,
packagers, and warehouse loaders).

In addition to exanining the level and varietw of job skills creaced,
& comprehensive employment impact analysis should also censicar =he tizing,
duration and geographic distribution of jobs created. aAn anergy praojece
that puts a lot of people to work today is preferable to labor than sne
that creates a few jobs each vear over a long period, particularly during
periods of high unemployment. Conventional plant conscruczion, as well as
the widespread developmeat of larger solar systems are prefarred for this
reason. Furthermore, iobs that can be readily targeted :o underampleoved
communities and regions will ease structural unemplormenz. Ia gereral,
szuall-scale solar and ccaservation programs are best cardiiatas Scr this
type of targeting--both because of their relative size ind low-skill/wa~e
Tequirenents. )

Unfortunately, none ¢f the studies exarined even at:ienmpts ¢ analy
these qualitative aspects in a compruhensiv. way. None considers a sg
Aix of conservation and solar projects that could provide appropriacze
cisploced workers of, for example, a nuclear plant. Ner do ther comnare
the effect of energy alternatives on :he workplace envirsnmen: and con
~cupational safety. It is clear that qualitative analvsis in enerzw
Jobs remains one of the nost fruitful areas far dngoing research eff:

Part 3: Conclusion

While a nuzber of recant szudias have proevided valuable insighcs,
{t can be safely asserted that the empicyrent elfects of altarnative
energy agplications are not well xaown. Veverchelass, ¢
at this point to make scme tencative cenclusicrs. Soect
4ppears that che general direction of such changes in tarms
Job _creation will be towards grester employaent opporzunit
teviswing the literature on the subject, I found chac:

o For the same amount of energy, solar creates 55-30 :Z1es as

asny direct {obs as LNG. However, at :Od‘yi LNG and collec:cr
costs (or future costs greater than $15/ft.%), solar will cost

®0OTe o provide an equivalent amount of energy.

3

For the same amcunt of energy, censervation neasures ({.e.,

insulation, weather-scripping, storm wiadows, esc.) create

20 times a8 ziny direcs icbs as LNG a: about one-aiach to
. oRe~f ghe.coee, .. .. . .
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¢ Tor the same jmount of enerzy, solar heating svscems creace
2 to' 8 times more direct ‘obs than cenventicnal powerplancs.,
The upper dcund reprasents a comparison with auclaar and, ia
ay best estination, with combined cycle plants. Hewever, at
todays ccllector costs and electricity rates less %<han about
$0.04/%wh, sclar will generally be uneccnomical in compariscn

vith conventional a’.ternatives.

o Conservaticn neasures such as direct insulacion, weather-
stTipping, etce., create direct jobs at less than one-thizd
the cost/job of nuclear power and will be eccnomical in
11l parts of the .country, However, they create lexs direct
jobs’ than nuclewcr and other conventional poverplants per
2nergy egquivalent.

These findings lead to the conclusion that an "optimal energy strategy"
:vd be to implement a combirstion of solar and conservation measures.
» strategy vould maximize direct job creation at lower total costs (and
ts/job) than conventional alternatives. As discussed above, the overall
@riect of conservation or accelerated solar energy use on employment is
intricately tied to the cost of these energy sources relative to conventional
alternatives, Hence, the igsue-of energy and employment relates to the
issue of how conservation methods and solar technologies can be made more
cost-effective. Policies that promote cost reductions in the solar industry,
reforn electricity rates to reflect "marginal costs" and reduce the amount of
subsidization to conventional energy will substantially improve the cost-
effectiveness of solar and conservation in the futire.

-3

7]

In sum, while the employment effects of alternative energy systems have
act vet bHeen determined with accuracy, preliminary analysis indicates that
an energy strategy designed to promote the &evelopment of these industries
would have a favorable effect on direct job creation. However, a word of
caution is in order: Because direct employment effects are visible, they
are likely to be ti:e most useful in generating political coalitions among
energy and labor activities. But if direct job creation is a misleading
indicator of total job creacion, successful coalition action may result in
perverse policy decisions--which eventually hurt coalition constituencies
and dasage prospects for future coalition. In particular, it is important
to ask “hether or not the energy alternative encouraged through policy
measures will cost the nation (or the region in question) more--and if s,
how this additional cost will affect business activity and jobs. The
dramatic need for both more exployment and more enlightened energy polici.s
underscore the need for continuing detailed analysis in the area of energy and
jobs, with a clear understanding of its political context and limitations.




FOQTNOTES

1 : : . . . : .
Much of the ccnceptual Sramewors used here was deveicped iaingle

>

~t

with Michael F. Kieschnick.

»

The choice of a discount rate is 2 very controversial {3sue: it ean
range from zero (i.e., implying zhat we count costs 3o fulture gene-
rations equal to the Way we count current costs) zc zhe narket rate
of retura on money (i.e., {cs privace "opportunits cosz"). All she
studies I examined izplicizly used a zero diz~ount rate. In mr es:zi-
aacion, these studies should explicitly scate their reasons far doling
$0, and provide & sensicivity analvsis of thei: resulls, “asad on
different discount race assumptions,

Another social cost zhat should be considered is zhe sccia’ “oppersunise
cost" of labor. For any project that emplovs che hard-cora unanricved
(e.3., small-scale solar or conservation srstems), the scoial cost of
labor will generally be significancly lower thas the mackat wagze rcate.
See: "The Private and Social Cests of Unemplovment" be Marzin

Feldstein in: The Anerican Economic Review, papers and proceedings.

May 1978, pp. 155-133.

See: An Analvsis of Federal Incentives 'sed £o Stiaulate Znerze
Production. 3aczelle Pacific Northwest Laboratories. March 1978,

Person-vears and perscn-hours can refer to a varietr of empiovee-tine
combinations. For exazple, two Jerson-years cam represent two persens
working full-time for 1 Jear, or 1 perscn working fuli-sime o 2 wears.,

)

to Todav's Znerzv Naed: (draszy, t.s.
Assesszent, June 137, Pp. VII-l3avTials,

Aoplication of Solar Technolo
Congress, Cffice of Technology

I5id., »2p. VII-27,

"Manpewer Requiremencs for fuciear and Coal Powerslancs”. Skip Lai=ner,
edicor of Cricical Mass.

-As of May 7, 1979, the final CTP study was not available in irs entirety,

The figures used here are based on testiwony before the Joint Economic
Committee in March 1978,

21
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TCOTNOTES (cont'd.)

]

The inciusion of chis factor is expeczed to widen the jobs/energy out-
Sut 3ap, alchough the nagniczude is unknown, The direction of change
in costs/jobs is unclear, since both the ncmerator and deacminator
would i{ncreaase. It sesms unlixely, however, th.t inclusion of this
faczor woull substantially narrow the 3ap between zost/icbs associlated
with solar/conservation and :auclear.

Conversation with John Stutz, Energy Systems Research Group.
November 20, 1378,

This estizate 1is based on relatively high collector cost of $43/ft.2,
which is probably appropriate for New York, bSut 2ay be too high for
other parts of the counrry.

According to Bensen's figures, conservation will be uneccnomical ({.e.,
energy savings will be lass than initial costs over the 30-vear period)
only if electricity costs less than 50.4¢/XWh. This is tlearly lower
than any residential or commercial rate in the countsy.

A Comparative Analvsis of the Emplcvment Effects of Solar Energs ia
Caliloraia, State of falifornia Explovment Jeveiopment Departaent,
?p. 27, Oczober 1377,

Ibid., pp. 16.

Ibid.

OTA's ind 3kip Laitner's anaivses indicate that non-construction dcos
for conventional powerplants represent 75-33 sercent of direct iobs

per energy equivalent. fFor a flaz-plate or photavoltais solar $V2lez,
on the other hand, onlv about 30-50 perceat of zotal direct jobs are
flon-installacion requirements (see OTA und CPPC studlds). aAlchough che
systeas analyzed ia the EDD scudy are not direcslr comparable to those
exanined by OTA and Skip Laitaer, it can generally ¢ concluded tha:'
ZDD's methodology will signifizantly Sius their conclusions in favor of
solar.

A Tramework for Prolectin lovment and Population Changes
Accompanving Energyv Development Phase I. Argorne Sational Laboratorv
Znergy aand Eavirommental Svsteas Division. August 1976, .

2
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© FCOTNOTES (eccnt'd.)

+
The ratios are slightly diffarent due to-the fact.thar direcs Jobs
in zable 4 iaclude Q&M over the lifeline; in table 3. on the other
hand., che EDD excluded O&M.

L]

California Public Policy Center, Jobs from the Sun: Emplovment
Development in the California Solar Etnerzv Industcv, Project dir.:
Fred 3raniman, Consultant: Sceve Lamar (Los Angeles: Califoraia
Public Rolicy Center, February 1978).

The objectives of SolarCel were (1) %o recrofit sclar space and hot
water heacers on 75 percen: of all single-family units and 33 perceat
of all aulcti-family residential units in Califarata, (2) :o require
solar spice and water heating sn all single-fanily and mulsi-family
units built afcer Jan., 1, 1985, (3) to rectrofit 50 percent of sll
ccmmercial space and mandate solar space and water heating 2n all
new commercial buildings and (4) to annually displace 95 Sef of
natural gas wizh solar ia {ndustrial processes.

CPPC's figures encompasse a wide variety of solar opticns, while
Bensen's represent solar heating only. Furthermore, Bensen's
{gures include 0&M. while CPPC's do not.

Ibid., pp. 84,88, The analvysis s limited to LiC because as the repore
aotes, izporced natural gas from Mexico or Canada would enter Califoria
through already existing pipelines. Thereiore, the use of these
resources.would virtually generate no new lobs in Caiiirrnia,

The FEA analysis is summarized by §. Lvan Sutcliff and Ailan R. Hefdsman
in & Senate Commerce Committee memcrandum submitted o zhe Carcer
Transition Group (December 14, 1976).

Retrofitting measures include installing weather-s:riscing, :auliing,
insulation and double glazed windows.

for example, {f a2 "job" is assumed to represent only one-hall vrear
emplorae.t for each project vear--the costs/person-years are $1%,7¢0.
This represents a lcower cost/perscn~-vear than any other glternative
exanined.




FOOTNOTES (cont'd.)
The study assunes a cost of $13/bbl in 1976 dollars.

For this calculatioz, I assumed that the retrofits would last over a
30-year period, comparable to the nuclear planc-life.-

Domestic Policy Review of Solar Energy. Final Report, Impacts Panel,
Volure 1, Appendix A. U,S. Department of Energy TID-28835/1
(Octobar .1978).

28 Macroecononic and Sector Iaplications of Installing 2.2 Million Residentilal

Solar Units. Analysis Memorandum (Draft 1978) by Ronald R, Earley,
. Malek M, Mohtadi st al, Macroeconomic Analysis Division, Energy
~aforaation Adainiscration.

30 See: Energy Conservation: I:s'Na:ure Hidden Benefits and Hidden

Barriers. Lawrence Berkeley Laboratory. 1975 pp. 34,

3 Some of the income will be saved (¢.g., 17 commercial banks) by
- consumers and only "indirectly" invested by others.

32 In some regions of the country, dollar savings will also be achieved

for solar applications as an alternative to electricity.

33

Energy Conservation, Its Nature, Hidden Benefits and Aidden Barriers.
op._cit.

34 "Energy Labor and the Consumer Society,” by Dr. Bruce Hannon in

Techriology Review, March/April 1977. See also: "Conserving Energy
While Incressing Eaploysent,” Dr. Bruce Harnon. Testimony befecre
Jeint Economic Committee Hearing entitled, "Creating Jobs Through
Energy Policy," March 14-18%, 1978,

35

Imployment cts cf Achieving Federal tnergv Conservation Goals
by Douglas Dacy, Robert E. Kuemne snd Paul ¥cCoy. Prepared for the
Deparctaent of Energy by Institute for Defense Analysis (Arlington,
Virginis, 1978).

36

n As onomnic B e d g en
Maczoeconc . d for the Deparzsent of Inergy by
O  Associates i!clnan,_vzrginil, Sept. 1978).
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FOOTNOTES (cont'd.)
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Emplovment fapact of the Solar Transition. Prepared by len Rodbery
the Joint Economic Committee. LU.S. Congress (April 6, 1979).

See: Project Independence Task Force Labor Report Federal Etnergv
Adainistration. November 1974, pp. 73-97,

Application of Solar Technology to Todav's Enerzw Needs, 00, cit.

p. VII-15:
Ibid., pp. VII-32-33.

Jobs Under the Sun, op. cit., pp. 22. Stanford Research Tastitute,
Strategic Implications of Solar Energy for Employment of Sheet Vetal
Workers, H.W. Brock, G.R. Murray, J.D. McComnell, J.C. Snipes,
Stanford Research Institute, Menlo Park, California; prapared fsr
the Sheet Metal Workers International Association. Cited in

Jobs Under tX.a Sun, op. cit. p. 22,

Application of Solar Technologv, op. cit. p. VII-3S,

I ido’ po VII-330

.

Ibid.

Ibid.

Solar Commercialization and The Labor Market. by Bert Mason, Gregg
rerris, Barbara Burns; Solar Energy Research Institute, SERI/TP-
53-123 (Golden, Cclorado; December 1978).

Jobs Under the Sun, op. cit.
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